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ДОДАТОК А

Лістинг А.1 – VHDL-модель кодера 

library IEEE;
use IEEE.STD_LOGIC_1164.all;
use ieee.numeric_std.all;
use STD.textio.all;
use ieee.std_logic_textio.all;

-- Custom package
library xil_defaultlib;
   use xil_defaultlib.f_files_encoder.all; 
entity encoder is 
   generic(
      InfowordLength : integer := 64;
      CodewordLength : integer := 128
      );
   port(
      input_data  : in std_logic_vector(0 to InfowordLength -
1);

input_clk   : in std_logic;
clk_not     : in std_logic;

      --------------------------
 output_data : out std_logic_vector(0 to CodewordLength -
1);

      valid       : out std_logic
      );
end encoder;

architecture encoder_bh of encoder is 
----------- Components ------------------------------------
   component shift_register is 
      generic(
         WIDTH : integer := 64
         );

port(
         clk : in STD_LOGIC;
         load : in STD_LOGIC;
         load_vector : in STD_LOGIC_VECTOR (0 to WIDTH - 1);
         en : in std_logic;
         ------------------------------
         Output : out STD_LOGIC_VECTOR(0 to WIDTH - 1)
         );
   end component shift_register;
   --------------------
   component BUFG
      port(I: in STD_LOGIC; O: out STD_LOGIC);
   end component; 
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   ----------- Constants ------------------------------------
   constant m : integer := (CodewordLength - InfowordLength) /
4;
                                                      -- 16
   ----------- Shift memory ----------------------------------
   signal shift_load_vector : STD_LOGIC_VECTOR(0 to m * 4 - 1); 
   signal shift_output      : STD_LOGIC_VECTOR(0 to m * 4 - 1);
   signal shift_en          : std_logic := '0';
   signal shift_load        : std_logic := '0';

   ----------- States ----------------------------------------
   type STATES is (STATE_Wait, STATE_Load_mem, STATE_Shifting);
   signal state: STATES := STATE_Wait;

   
   ----------- Output temp -----------------------------------
   signal output_t : std_logic_vector (0 to m * 4 - 1) :=  
                                                (others => '0');
   ------------------------------ 
   signal i : integer := 0;    -- 0 to 3
   signal j : integer := 0;    -- 0 to 63
   signal iteration : integer := 0;
   signal input : std_logic_vector (0 to InfowordLength - 1);
   --signal shift_output : std_logic_vector (0 to 64 - 1) :=
                                                (others => '0');
   signal clk : std_logic;

begin  
   shift_memory:  shift_register  generic  map(CodewordLength  -
InfowordLength) 
   port  map(clk,  shift_load,  shift_load_vector,  shift_en,
shift_output); 
   BUFG_mark : BUFG port map(clk_not, clk);

   process (clk)
      begin
      if rising_edge(clk) then

   case (state) is

            when STATE_Wait =>
   if (input_clk = '1') then
      valid <= '0';

input <= input_data;
-- Loading shift memory --
for i in 1 to 4 loop
   shift_output ((i-1)*m to i*m - 1) <= row1(i*m

                              - 1) & row1((i-1)*m to i*m - 1 -
1);

end loop;

shift_load  <=  '1';  --  Control  signal  for  load
                                                     shift
memory
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if (input_data(0) = '1') then -- Adding process,
                        wher (i-1)*m + j - 1 is number of
iteration                

   output_t <= row1;    
else
   output_t <= (others => '0');
end if;
iteration <= 1;
i <= 0;
j <= 1;
state <= STATE_Shifting;

   else
end if;

   
            when STATE_Shifting => -- 512 shifts of shift memory
                                           and 512 sum
operations

   shift_load <= '0'; -- Control signal for load shift
                                                          memory
               shift_en <= '1';

   if (input(iteration) = '1') then -- Adding process,
                        wher (i-1)*m + j - 1 is number of
iteration                

      output_t <= output_t xor shift_output;    
   else
   end if;

   for i in 1 to 4 loop
      shift_output  ((i-1)*m  to  i*m  -  1)  <=

                         shift_output(i*m -  1) &
shift_output((i-
                                             1)*m to i*m - 1 -
1);

   end loop;

   shift_shift <= not shift_shift;
   iteration <= iteration + 1;
   j <= j+1;

   if (j = m - 1) then
      if(i = 3) then

   i <= 0;
   iteration <= 0;
   valid <= '1';
   output_data <= input & output_t;
   shift_en <= '0';
   state <= STATE_Wait;

      else
   state <= STATE_Load_mem;
   i <= i + 1;
   j <= 1;
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end if;
   end if;

            when STATE_Load_mem =>  -- 8 loads of shift memory
   if(i = 1) then
      for i in 1 to 4 loop

   shift_output  ((i-1)*m  to  i*m  -  1)  <=
                            row17(i*m - 1) & row17((i-1)*m to
i*m
                                                        - 1 -
1);

end loop;  

if(input(iteration) = '1') then
   output_t <= output_t xor row17;  

      end if;

   elsif(i = 2) then
      for i in 1 to 4 loop

   shift_output  ((i-1)*m  to  i*m  -  1)  <=
                           row33(i*m - 1) & row33((i-1)*m to i*m

                                                        - 1 -
1);

end loop;  

if(input(iteration) = '1') then
   output_t <= output_t xor row33;  
end if;

   elsif(i = 3) then
      for i in 1 to 4 loop

   shift_output  ((i-1)*m  to  i*m  -  1)  <=
                           row49(i*m - 1) & row49((i-1)*m to i*m
                                                        - 1 -
1);

end loop;

if(input(iteration) = '1') then
   output_t <= output_t xor row49;  
end if;

   else
   end if;

   shift_load <= '1';
   shift_en <= '0'; 

   iteration <= iteration + 1; 
   state <= STATE_Shifting;
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            when others =>
   state <= STATE_Wait;
      end case; 
end if;

end process; 
end encoder_bh; 
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ДОДАТОК Б

Лістинг Б.1 – VHDL-модель алгоритму декодування

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

library xil_defaultlib;
use xil_defaultlib.records_pkg.all;

entity algorithm is
        Port ( counts : in STD_LOGIC_TH_ARRAY (0 to 128 - 1);
               clk : in STD_LOGIC;
               mem_set : std_logic;
               rst : std_logic;
               output : out STD_LOGIC_VECTOR (0 to 127));
    end algorithm;
    
    architecture Behavioral of algorithm is
        -----------  States
--------------------------------------------------------
        type STATES is (STATE_Wait, STATE_Processing);
        signal state: STATES := STATE_Wait;
        --------------------------------------------------------
-------------------
        signal in_index : integer;
        signal in_value : std_logic_vector(0 to 2);
        signal it : integer;
        constant NumberOfVariableNodes : integer := 64;
        
    begin
        
        process(clk, rst)
        begin
            if(rst = '1') then
                state <= STATE_Wait;
                
            elsif(rising_edge(clk)) then
                case (state) is      
                            
                    when STATE_Wait =>
                        if (mem_set = '1') then
                            state <= STATE_Processing;
                            in_index <= 0;
                            in_value <= counts(0);
                            it <= 1;
                        end if;
                                
                    when STATE_Processing =>
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                        if (it = NumberOfVariableNodes) then
                            if (in_value /= "000") then
-- ?????????????!!!
                                output <= (others => '0');
                                output(in_index) <= '1';    
                            end if;           
                            state <= STATE_Wait;
                                  
                        else
                            if ((counts(it)(2) > in_value(2)) or
-- ?????????????!!!
                                (counts(it)(2) = in_value(2) and
counts(it)(1) > in_value(1)) or
                                (counts(it)(2) = in_value(2) and
counts(it)(1)  =  in_value(1)  and  counts(it)(0)  >  in_value(0)))
then
                                    in_index <= it;
                                    in_value <= counts(it);
                                end if;
                            it <= it + 1;
                        end if;
                                
                         
                    when others =>
                         state <= STATE_Wait;
                    end case;                    
            end if;
        end process;
    
    end Behavioral;

Лістинг Б.2 – VHDL-модель модулю logic_module

library IEEE;
use IEEE.STD_LOGIC_1164.all;

library xil_defaultlib;
use xil_defaultlib.records_pkg.all;
use xil_defaultlib.f_files.all;

entity logic_module is 
port(

decoded : in std_logic_vector(0 to 127);
--------
all_zero : out std_logic;
counts : out STD_LOGIC_TH_ARRAY(0 to 127)

);
end logic_module;
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architecture logic_module of logic_module is 
constant ParityMatrixSizeM : integer := 64;
constant ParityMatrixSizeN : integer := 128;
signal syndrome : std_logic_vector(0 to ParityMatrixSizeM -

1);
----------------------------
component counter_of_signals is
port(  

a : in STD_LOGIC_VECTOR(5 downto 0);
 b : out STD_LOGIC_VECTOR(2 downto 0)

     );
end component;
---------------------------- 
component unary_inv_OR IS

    generic (
N: integer := 64

); 
    port (

inp: in std_logic_vector(N-1 downto 0);
        outp: out std_logic);

end component; 
----------------------------
--constant path : string := "FBParity_4096.txt";
--constant graph_inst : graph := my_ram_init(path);

begin

Prepare_syndroms  :  for  i  in  0  to  ParityMatrixSizeM  -  1
generate

P1:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size)  =  1  )  generate  --
graph_inst.child_node_array_inst(i).size = 1) generate

syndrome(i)  <=
decoded(f_file_refactored(child_nodes + i*node + index0) - 1);

end generate; 

P2:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 2) generate

syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor

decoded(f_file_refactored(child_nodes + i*node + index1) - 1);
end generate;

P3:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 3) generate

syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor

decoded(f_file_refactored(child_nodes + i*node + index1) -
1) xor
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decoded(f_file_refactored(child_nodes + i*node + index2) -
1);

end generate;   

P4:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 4) generate

syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor

decoded(f_file_refactored(child_nodes + i*node + index1) -
1) xor

decoded(f_file_refactored(child_nodes + i*node + index2) -
1) xor

decoded(f_file_refactored(child_nodes + i*node + index3) -
1);  

end generate;

P5:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 5) generate

syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor

decoded(f_file_refactored(child_nodes + i*node + index1) -
1) xor

decoded(f_file_refactored(child_nodes + i*node + index2) -
1) xor

decoded(f_file_refactored(child_nodes + i*node + index3) -
1) xor

decoded(f_file_refactored(child_nodes + i*node + index4) -
1);

end generate;

P6:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 6) generate
            syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor
                            decoded(f_file_refactored(child_node
s + i*node + index1) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index2) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index3) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index4) - 1) xor 
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                            decoded(f_file_refactored(child_node
s + i*node + index5) - 1);
        end generate;
        

P7:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 7) generate
            syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor
                            decoded(f_file_refactored(child_node
s + i*node + index1) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index2) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index3) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index4) - 1) xor 
                            decoded(f_file_refactored(child_node
s + i*node + index5) - 1) xor 
                            decoded(f_file_refactored(child_node
s + i*node + index6) - 1);
        end generate;
        

P8:  if  (f_file_refactored(child_nodes  +  i*node  +
node_size) = 8) generate
            syndrome(i)  <=
decoded(f_file_refactored(child_nodes  +  i*node  +  index0)  -  1)
xor
                            decoded(f_file_refactored(child_node
s + i*node + index1) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index2) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index3) - 1) xor
                            decoded(f_file_refactored(child_node
s + i*node + index4) - 1) xor 
                            decoded(f_file_refactored(child_node
s + i*node + index5) - 1) xor 
                            decoded(f_file_refactored(child_node
s + i*node + index6) - 1) xor 
                            decoded(f_file_refactored(child_node
s + i*node + index7) - 1);
        end generate;

end generate;

Count_syndroms_failures: for i in 0 to ParityMatrixSizeN - 1
generate 

L1:  if  (f_file_refactored(parent_nodes  +  i*node  +
node_size) = 1) generate

U0: counter_of_signals port map (
a(0) => syndrome(f_file_refactored(parent_nodes +

i*node + index0) - 1), 
a(5 downto 1) => (others => '0'),
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b => counts(i));   
end generate L1;

L2:  if  (f_file_refactored(parent_nodes  +  i*node  +
node_size) = 2) generate

U0: counter_of_signals port map (
a(0) => syndrome(f_file_refactored(parent_nodes +

i*node + index0) - 1), 
a(1) => syndrome(f_file_refactored(parent_nodes +

i*node + index1) - 1), 
a(5 downto 2) => (others => '0'), 
b => counts(i));

end generate L2;

L3:  if  (f_file_refactored(parent_nodes  +  i*node  +
node_size) = 3) generate

U0: counter_of_signals port map (
a(0) => syndrome(f_file_refactored(parent_nodes +

i*node + index0) - 1), 
a(1) => syndrome(f_file_refactored(parent_nodes +

i*node + index1) - 1), 
a(2) => syndrome(f_file_refactored(parent_nodes +

i*node + index2) - 1), 
a(5 downto 3) => (others => '0'),
b => counts(i));

end generate L3;

L4:  if  (f_file_refactored(parent_nodes  +  i*node  +
node_size) = 4) generate

U0: counter_of_signals port map (
a(0) => syndrome(f_file_refactored(parent_nodes +

i*node + index0) - 1), 
a(1) => syndrome(f_file_refactored(parent_nodes +

i*node + index1) - 1), 
a(2) => syndrome(f_file_refactored(parent_nodes +

i*node + index2) - 1), 
a(3) => syndrome(f_file_refactored(parent_nodes +

i*node + index3) - 1), 
a(5 downto 4) => (others => '0'),
b => counts(i));

end generate L4;

L5:  if  (f_file_refactored(parent_nodes  +  i*node  +
node_size) = 5) generate

U0: counter_of_signals port map (
a(0) => syndrome(f_file_refactored(parent_nodes +

i*node + index0) - 1), 
a(1) => syndrome(f_file_refactored(parent_nodes +

i*node + index1) - 1), 
a(2) => syndrome(f_file_refactored(parent_nodes +

i*node + index2) - 1), 
a(3) => syndrome(f_file_refactored(parent_nodes +
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i*node + index3) - 1), 
a(4) => syndrome(f_file_refactored(parent_nodes +

i*node + index4) - 1), 
a(5) => '0',
b => counts(i));

end generate L5;

end generate;

all_zero_mark: unary_inv_OR generic map(ParityMatrixSizeM) 
port map(syndrome, all_zero);

end logic_module;

Лістинг Б.3 – VHDL-модель декодера

-- m check nodes
-- n code/variable nodes

library IEEE;
use IEEE.STD_LOGIC_1164.all; 
use ieee.numeric_std.all;
use STD.textio.all;
use ieee.std_logic_textio.all;

-- Custom package with 
library xil_defaultlib;

use xil_defaultlib.records_pkg.all;

entity decoder is  
        
        generic(  
            InfowordLength          : integer := 64;        -- 
Length of infoword in codeword received from line
            CodewordLength          : integer := 128;        -- 
Length of codeword received from line
            MaxIterations             : integer := 50;          
-- Maximum amount of decoding iterations
            NumberOfVariableNodes     : integer := 128;      -- 
Maximum of number of variable nodes                             
-- Change it in package!!!!
            NumberOfCheckNodes        : integer := 64         --
Maximum of number of check nodes                                
-- Change it in package!!!!
            );
        
        port( 
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            input               : in std_logic_vector (0 to 
CodewordLength - 1);
            input_clk            : in std_logic;
            clk_not_bfg            : in std_logic;
            rst                 : in std_logic;
            
-----------------------------------------------------------
            output              : out std_logic_vector (0 to 
InfowordLength - 1);
            IsValid             : out std_logic;
            waiting                : out std_logic;
            FinalNumIterations    : out integer
            );    
            
    end decoder;
    
    
    architecture decoder_bh of decoder is 
        ----------- Cmponents 
-----------------------------------------------------    
        component logic_module is 
        port(
            decoded : in std_logic_vector(0 to 128 - 1);
            --------
            all_zero : out std_logic;
            counts : out STD_LOGIC_TH_ARRAY(0 to 128 - 1)
        );
        end component logic_module;
        
----------------------------------------------------------------
-----------
        component BUFG
            port(I: in STD_LOGIC; O: out STD_LOGIC);
        end component; 
        
----------------------------------------------------------------
-----------    
        component decoded_memory is
            Port ( input : in STD_LOGIC_VECTOR (0 to 127);
                   set : in STD_LOGIC;
                   reset : in STD_LOGIC;
                   output : out STD_LOGIC_VECTOR (0 to 127));
        end component decoded_memory;
        
----------------------------------------------------------------
-----------    
        component xor_module is
            Port ( xor1 : in STD_LOGIC_VECTOR (0 to 127);
                   xor2 : in STD_LOGIC_VECTOR (0 to 127);
                   xor_out : out STD_LOGIC_VECTOR (0 to 127));
        end component xor_module;
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----------------------------------------------------------------
-----------    
        component algorithm is
            Port ( 
                   counts : in STD_LOGIC_TH_ARRAY (0 to 128 - 
1);
                   clk : in STD_LOGIC;
                   mem_set : std_logic;
                   rst : std_logic;
                   output : out STD_LOGIC_VECTOR (0 to 127));
        end component algorithm;
        
----------------------------------------------------------------
-----------    
        
        ----------- States 
--------------------------------------------------------
        type STATES is (STATE_Wait, STATE_Check, STATE_Dell);
        signal state: STATES := STATE_Wait;                     
        
----------------------------------------------------------------
-----------
        
        ----------- Signals for memory 
--------------------------------------------
        signal decoded_input, decoded_output : 
std_logic_vector(0 to 127);
        signal decoded_set, decoded_reset : std_logic;          
        
----------------------------------------------------------------
-----------
            
        ----------- Internal temps 
------------------------------------------------ 
        signal FinalNumIterations_tmp : integer := 0;  
        
        signal counts : STD_LOGIC_TH_ARRAY (0 to 128 - 1); 
        signal all_zero : std_logic := '0';
        signal clk : std_logic;
        signal xor1: std_logic_vector(0 to 127);
        signal new_decoded : std_logic_vector(0 to 127);
        signal dell_iter : integer := 0; 
        signal algo_start : std_logic := '0';
        
----------------------------------------------------------------
-----------    
    
        
    begin
        --buggmark: BUFG port map (clk_not_bfg, clk); 
        clk <= clk_not_bfg;
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        Logic_module_mark: logic_module port map 
(decoded_output, all_zero, counts);
        Algo: algorithm port map (counts, clk,  algo_start, rst,
xor1);
        Xormodule: xor_module port map (xor1, decoded_output, 
new_decoded);
        Memory: decoded_memory port map (input => decoded_input,
set => decoded_set, reset => rst, output => decoded_output);
        
        IsValid <= all_zero;
        waiting <= '1' when (state = STATE_Wait) else '0';
        
        process (clk, rst)  
        begin    
            if (rst = '1') then
            decoded_set <= '0';
                
            elsif (rising_edge(clk)) then
                case (state) is      
                    
                    when STATE_Wait =>
                        if (input_clk = '1') then
                            state <= STATE_Check;
                            decoded_input <= input;
                            decoded_set <= '1';
                        end if;
                    
                    
                    when STATE_Check =>    
                        
-----------------------------------------
                        -- CONTINUE IF A CODEWORD HAS NOT BEEN 
FOUND  
                        
-----------------------------------------
                        decoded_set <= '0';
                        if (all_zero = '0') then 
                                algo_start <= '1';
                                state <= STATE_Dell;
                            else
                                output <= decoded_output(0 to 
63);
                                FinalNumIterations <= 
FinalNumIterations_tmp;
                                state <= STATE_Wait;
                            end if;
    
    
                    when STATE_Dell => 
                        if (dell_iter = 65) then
                           dell_iter <= 0;
                           decoded_input <= new_decoded;
                           decoded_set <= '1'; 



80

                           algo_start <= '0';
                           state <= STATE_Check;
                        else
                           dell_iter <= dell_iter + 1;
                        end if;   
                        
                                                
                    when others =>
                        state <= STATE_Wait;
                end case; 
            end if;    
        
        end process;
    end decoder_bh;     
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ДОДАТОК В



82

ДОДАТОК Г
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